1. Introduction {#s0005}
===============

Endometrial cancer (EC) represents the most common gynecologic malignancy in the United States, affecting 63,230 patients in 2018 ([@b0085]). The majority of EC is diagnosed at early stage with an overall good prognosis. However, approximately one-third of patients are diagnosed with advanced disease ([@b0115], [@b0090]). Despite excellent outcomes in early stage disease, patients presenting with advanced stage or with aggressive histologic subtypes have a higher incidence of recurrence and subsequently shorter survival. The reported 5-year overall survival (OS) of stage IV disease is a dismal 0--18% ([@b0075], [@b0035], [@b0015]). EC most commonly metastasizes by direct extension or lymphatic spread, and as a result, the majority of recurrences occur locally with in the pelvis and abdomen. Hematogenous spread occurs less frequently and most commonly manifests as lung and liver metastasis ([@b0125], [@b0065]).

Although rare in EC, hematogenous spread to bone is a common feature of many non-gynecologic tumors. In fact, it is the most common site of distant metastasis in both breast and prostate cancer ([@b0050], [@b0020]). The true incidence of bony metastasis (BM) of EC is unknown, however several small series in the literature report an incidence of \<1.0% ([@b0125]). At present, there is little known about the risk factors and pathologic mechanisms leading to development of BM in EC. The majority of affected patients initially present with advanced stage disease and high-grade histology, however most patients meeting these criteria do not go on to develop BM and instead will experience abdominopelvic failure. The present study will review the clinicopathologic features of a cohort of patients with EC metastatic to bone.

2. Methods {#s0010}
==========

This is a multi-center retrospective review of patients with EC metastatic to bone. Institutional Review Board approval was obtained by each site. Tumor board registries from each institution were queried for cases of EC with BM. Inclusion criteria were patients with confirmed histologic diagnosis of primary EC and BM at initial presentation or recurrence. BM were diagnosed on the basis of radiographic or histologic confirmation. Demographic and clinical information extracted from the medical records of eligible patients included age, body mass index (BMI), race, stage, histology, grade, location of bony metastasis, time to bony recurrence, sites of metastatic disease, CA-125 level, treatments and survival status. Pathology reports were reviewed for microsatellite instability (MSI), based on absence of mismatch repair (MMR) genes by immunohistochemistry (IHC). Additionally, when available, molecular tumor profiles were reviewed. Descriptive statistics were employed to detail individual patient outcomes. Survival outcomes were determined using Kaplan-Meier Curves. Statistical significance was defined as P \< 0.05. Analyses were performed using SPSS, Version 22.0. (IBM, USA).

3. Results {#s0015}
==========

From 2012 to 2019, there were 1085 patients diagnosed with EC. Ten patients (0.09%) were diagnosed with BM in either the upfront or recurrent setting. There was a total of 32 osseous metastases (range 1--8 per patient). The median age was 65 years (range 31--71). Histology included 70% endometrioid and 30% serous carcinoma. All patients with endometrioid histology had moderately or poorly differentiated tumors. Eighty percent of the patients presented at advanced stage at initial diagnosis, defined as FIGO stage III/IV disease. The remaining two patients presented with FIGO stage I disease. In two patients, the diagnosis of BM was made at time of presentation of EC. In the remaining eight patients, BM were diagnosed at time of recurrence with a mean time of 14.4 months (range: 0--44 months) ([Table 1](#t0005){ref-type="table"}). In five patients, diagnosis was confirmed by bone biopsy and histologic examination consistent with primary endometrial tumor. The remaining five patients were diagnosed on the basis of radiographic findings. 90% of patients presented with bone-related symptoms which prompted a further work up. There was only one incidental diagnosis of bone metastasis that were identified during simulation for adjuvant radiation therapy, after completion of 3 cycles of systemic chemotherapy ([Table 2](#t0010){ref-type="table"}, Patient B). In this patient, bone lesions were not present on pre-operative CT scan, confirming that BM developed during chemotherapy.Table 1Patient characteristics (N = 10).CharacteristicN (%)[X](#tblfn3){ref-type="table-fn"}Age, median (range), years65 (31--71)Body mass index, median (range)33 (24--48)FIGO Stage at Initial Diagnosis I2 (20) II-- III5 (50) IV3 (30)Histology Endometrioid7 (70) Serous3 (30)FIGO grade[\*](#tblfn1){ref-type="table-fn"} I-- II2 (29) III5 (71)Bone metastasis at diagnosis2 (20)Bone metastasis at recurrence8 (80)Mean time from diagnosis to bone metastasis (months)14.4 (0--44)Extent of bone metastasis Single3 (30) Multiple7 (70)Concurrent extraosseous metastases10 (100)Treatment of bone metastasis Radiation3 (3) Chemotherapy1 (10) Chemotherapy + radiation2 (20) Concurrent chemoradiation, followed by chemotherapy1 (10) Chemotherapy + radiation, followed by immunotherapy1 (10) Chemotherapy + anti-angiogenesis1 (10) Immunotherapy1 (10) Overall survival, median (range), months11 (1--22) Presence of microsatellite instability[\*\*](#tblfn2){ref-type="table-fn"}7 (87.5)[^1][^2][^3]Table 2Patient characteristics and treatment.AgeStage[\*](#tblfn4){ref-type="table-fn"}Histology/Grade[\*\*](#tblfn5){ref-type="table-fn"}Initial Treatment[\*\*\*](#tblfn6){ref-type="table-fn"}Time from Diagnosis to BM (months)Site of BMOther Sites of Metastatic DiseaseMolecular Tumor/IHC ProfileCA 125 Level at Diagnosis of BM (u/mL)Survival Status after BMA59IIIC1EM/G3RA TH BSO PPALND; CT 3C; EBRT + VBT; CT 1C9Spine: T10-L3BL pelvic LNMSI-high (MLH1 absent); ER, PR positive8.4DOD, 13 monthsB65IIIC2EM/G3ELAP TAH BSO PPALND; CT 3C4R sacrum, T3, T11, L3L pelvic LN & PA LN, lungMSI-high (MSH6 absent)5.1Alive, with disease at 7 monthsC31IAEM/G3TAH BS ovarian transposition PPALND44L acetabulumL pelvic sidewall massNA5.3Alive, NED at 22 monthsD70IVBEM/G2CT 5C, EBRT to L hip; RA TLH BSO PPALND0R iliac & hemisacrum, L femoral neckR parametria, BL pelvic LNMSI-high (MLH1 absent); ER, PR positive8.2Alive, with disease at 9 monthsE67IIIC1EM/G2TAH BSO PPALND; CT 3C; EBRT; CT 3C13L iliacL pelvic LN, vaginaMSI-high (MLH1 absent)10.3DOD, 17 monthsF66IVBSCT 2C; palliative EBRT to T6; anastrozole0L iliac, T6Upper abdomenMSI-high; BRCA positive151DOD, 6 monthsG59IIIBEM/G3ELAP TH BSO PPALND; EBRT; CT 6C10R iliac, L3-4R parametria, liverMSI-high (MSH 6 absent)22.7DOD, 11 monthsH71IIIC2SELAP TH BSO PPALND; CT 3C; EBRT; VBT; CT 3C12L iliac, T7-10, L1, L4, sternumBL pelvic and PA LNHER2/neu positive15.6DOD, 11 monthsI63IBSELAP RH BSO; refused adjuvant treatment12T11R pelvic LN, vaginal cuffNANAAlive, with disease at 3 monthsJ64IVBEM/G2ELAP TH BSO PPALND omentectomy, CT 4C, PLD 6C40L1, L3, R 7th ribSupraclavicular LN, PA & L pelvic LN, lungMSI-high75.3Alive, with disease at 3 months[^4][^5][^6][^7]

The most common sites of bony metastasis were the spine (66%) and the hip (22%). Six patients (60%) presented with distant bony failure, defined as bone metastasis outside of the pelvic bones or lumbar spine ([Fig. 1](#f0005){ref-type="fig"}). All patients presented with extraosseous dissemination at the time of diagnosis of bony metastasis. Multiple bony metastasis were identified in 7 (70%) patients. CA-125 level was elevated in only 2 (20%) patients. Of the eight patients presenting with BM in the recurrent setting, five were treated with platinum-based therapy in the upfront setting and all were resistant or refractory to platinum. Of these five patients, two were found to be platinum resistant with a mean time of 4.5 months from chemotherapy completion to the development of bone disease. The remaining three developed BM during platinum-based treatment.Fig. 1Location of bone metastasis (N = 32).

Median overall survival (OS) after diagnosis of BM was 11 months (range: 1--22 months). Four patients are currently alive, all undergoing treatment, and one is alive with no evidence of disease. There was no difference in survival between those patients presenting with distant BM versus BM confined to the pelvis (p = 0.13). Patients with endometrioid histology experienced improved survival compared to serous histology (OS not yet achieved vs. 6 months; p = 0.04). We observed a trend toward improved OS in patients with single versus multiple lesions (OS not yet achieved vs. 9 months; p = 0.05).

Eight patients had MMR IHC or molecular tumor profiles available for review. Seven of these patients were found to have MSI (87.5%). The most common individual mutation was hypermethylation of MLH-1 which was identified in three patients (43%). Five MSI-high patients underwent germline testing, which were all negative. Two patients refused germline testing. Additionally, one patient was found to be positive for HER2/neu by IHC and confirmed by FISH (fluorescent in situ hybridization). A wide variety of treatment modalities were used in the management of BM. Three (30%) received radiation alone and three (30%) received a combination of chemotherapy and external beam radiation. Treatment was individualized for the remaining four patients including, single-agent pembrolizumab, EBRT chemotherapy followed by pembrolizumab, systemic chemotherapy alone and systemic chemotherapy with bevacizumab ([Table 3](#t0015){ref-type="table"}).Table 3Location and treatment of bone metastasis.PatientLocation of BMTreatment of BMResponse to TreatmentASpine: T10-L3EBRTPR, followed by progression and abdominopelvic metastasis at 9 monthsBR sacrum, T3, T11, L3Gemcitabine + bevacizumabPR, currently receiving gemcitabine + bevacizumabCL acetabulumConcurrent chemoradiation: EBRT + cisplatin, followed by carboplatin + paclitaxelCR, currently under observation off therapyDR iliac & hemisacrum, L femoral neckEBRT, followed by carboplatin + paclitaxel, followed by pembrolizumabPR, currently receiving pembrolizumabEL iliacEBRTPR, followed by progression at 4 monthsFL iliac, T6EBRTPD, with progression in the upper abdomen at 3 monthsGR iliac, L3-4PLDSD, followed by progression in the bone and upper abdomen at 4 monthsHL iliac, T7-10, L1, L4, sternumEBRT, followed by PLDPR, followed by progression in the retroperitoneum at 5 monthsIT11EBRT, followed by carboplatin + paclitaxelPR, currently receiving carboplatin + paclitaxelJL1, L3, R 7th ribPembrolizumabSD, currently receiving pembrolizumab[^8]

4. Discussion {#s0020}
=============

BM is an uncommon finding in EC. Several small retrospective series have reported an incidence of only 0.8% ([@b0125], [@b0045], [@b0030]). Interestingly, the reported incidence of subclinical BM is up to 25% in an anatomopathological studies of patients with EC undergoing autopsy. It should be noted however that in these studies, the vast majority of patients harbored metastasis at numerous sites, including the liver and lungs ([@b0005]). These findings suggest that hematogenous dissemination to bone represents a late metastatic pattern and signifies advanced, aggressive disease.

The most commonly reported locations of BM are the spine and pelvic bones ([@b0050]). Consistent with these reports, all patients in the current study presented with metastasis at one or both of these locations. Seven patients presented with metastasis to the pelvic bones, including the sacrum and iliac bones, and six patients presented with metastasis to the spine. Additionally, four patients presented with a combination of both pelvic bone and spinal metastasis. When comparing the location of initial disease to the location of bone metastasis, all patients with pelvic bone involvement were found to have positive pelvic lymph nodes on the ipsilateral side. This suggests that despite the fact that BM is considered a hematologic phenomenon, the close proximity of other metastatic disease may imply local factors influence disease spread.

Although there is no "tumor marker" specific to EC, CA-125 has been utilized to help predict the extent of disease at presentation and in some cases to monitor for recurrence ([@b0090]). Retrospective data demonstrates correlation between elevated CA-125 and the presence of lymph node metastasis as well as advanced stage disease in patient with EC ([@b0040], [@b0135]). Interestingly, only two patients in our cohort displayed an elevation in CA 125. One (patient J) had an elevated, but down-trending CA 125 at the time of development of BM. This is likely due to the theory that CA-125 increases as a result of intra-peritoneal processes ([@b0105]). Therefore, metastasis outside the abdomen, including the bone, would not necessarily produce an abnormality in this serum analyte. Nevertheless, it is still interesting based on the fact that the majority of patients in the present report had concurrent disease at both bone and intra-abdominal locations. Normal CA-125 does not preclude the possibility of metastatic disease.

The prognosis of patients with EC found to have metastatic disease to the bone is extremely poor with dismal median OS of only 10--12 months ([@b0125], [@b0045]). Consistent with the present study, the presence of multiple BM has been associated with worse prognosis ([@b0125]). An additional factor utilized to stratify prognosis is the degree of "platinum-sensitivity" or lack thereof ([@b0095]). Although this designation system originates from ovarian cancer literature, it has also been applied to EC and which, like ovarian cancer, demonstrates a direct correlation with platinum-free interval and survival ([@b0080]). In the present study, six patients were either resistant or refractory to platinum-based regimens, defined as recurrence within 6-months of platinum-based therapy or progression on platinum therapy, respectively. This demonstrates the aggressive nature of tumors metastasizing and suggests they are less likely to respond to traditional regimens.

Although there is limited data on the management of EC metastatic to bone, a large body of literature exists regarding management of BM in breast cancer (BC). Treatment strategies include systemic therapy, bone modifying agents (BMA), radiation, surgery and analgesia. Utilization of these modalities vary based on overall disease burden, time of presentation (primary versus recurrent disease) and symptoms. The primary goal of systemic therapy is control and mitigation of disease, conversely the goal of radiation, surgery and analgesia is largely palliative ([@b0130]). BMA have been studied extensively in BC, specifically the bisphosphonates zoledronic acid and pamidronate, and the RANK-L inhibitor denosumab. The primary use of these medications is to prevent skeletal related adverse events (SRE), including fracture, hypercalcemia, surgery to bone and spinal cord compression, which will affect up to 65% of untreated patients and contribute to decreased quality of life ([@b0130], [@b0120]). Although there is no prospective literature on the use of BMA in gynecologic cancer, the use of these agents maybe warranted in patients at high risk for SRE. This is demonstrated by our patient who developed a femur neck fracture at the location of BM (patient D).

To our knowledge, no study has correlated molecular tumor profiles of EC with BM. In the present study, eight patients had IHC or molecular tumor profile data available. Of these patients, seven (87.5%) were found to have microsatellite instability (MSI). MSI is a result of loss of function of mismatch repair (MMR) genes, which leads to accumulation of single base-pair mismatches, as well as small insertions and deletion in tandem repeats. MSI is identified in 20--40% of endometrial carcinomas, the majority of which are due to sporadic loss of function, rather than germline mutations observed in hereditary nonpolyposis colorectal cancer (HNPCC) syndrome ([@b0010], [@b0055]). Generally, these tumors are associated with endometrioid histology, however, the relationship between MSI and clinical outcomes in EC is not clearly defined. Multiple studies have reported improvement in OS in patients with MMR deficient tumor compared to their MMR proficient counterpart receiving the same adjuvant therapy. However, others have observed no difference or worse survival in MMR deficient tumors ([@b0010], [@b0055], [@b0110], [@b0070]). Additionally, there are conflicting reports in the literature regarding the correlation between MSI status and stage of disease at diagnosis. Several studies report no correlation, while other investigators report a more advanced disease stage at diagnosis associated with MSI high tumors ([@b0010], [@b0055], [@b0110], [@b0070]). The later corresponds to the present study, in which all MSI -- high patients presented with stage III and IV disease. A recent large data base analysis of patients with colorectal cancer (CRC) from Australia addressed the risk of metastasis to specific distant sites, including lung and bone, in relation to the presence of MSI. However, they found no difference in patterns of metastatic disease between MSS and MSI CRC ([@b0100]). Although these findings in CRC cannot be generalized to EC, these findings are worth noting due to the lack of literature available regarding patterns of metastasis of MSI-high EC.

At present, there is no standardized therapy for patients with EC metastatic to bone. Limited data is available and suggests that multimodality therapy is associated with improved outcomes, however these findings did not achieve statistical significance ([@b0125]). As demonstrated in the current study, a variety of modalities have been utilized based on physician preference and experience, as well as individualization based on the patient's specific disease. Current data demonstrates that MSI -- high EC exhibit good response to programmed cell death ligand 1 (PD-L1) inhibition. A recent large prospective study examined the effects of pembrolizumab on MMR deficient tumors previously treated with at least one line of standard therapy. They observed an overall response rate of 54% with an additional 23% of patients experiencing stable disease ([@b0060]). Our cohort also included one patient who tested positive for HER2/neu. Literature in BC demonstrates HER2/neu positive patients carries a higher propensity for bony spread compared to HER2/neu negative cancer ([@b0050]). Additionally, a recent phase II evaluation of the addition of trastuzumab to carboplatin-paclitaxel demonstrates superior outcomes in HER2/neu positive serous EC compared to chemotherapy alone ([@b0025]). These findings illustrate potential therapeutic pathways for patients with BM.

Although bone metastasis in endometrial carcinoma are uncommon occurrences, they should always be considered in the differential diagnosis of patients presenting with known EC and bone pain. The identification of bone metastasis will alter treatment strategies as well has dramatically impact prognosis. Consideration should be given to the incorporation of bone modifying agents to decrease skeletal related adverse events and improve quality of life. Additionally, molecular tumor profiling should be performed to identify targeted therapy options and optimize adjuvant treatment strategies.
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[^1]: Endometrioid histology only, all other histologies represent high-grade disease.

[^2]: N = 8 patients with immunohistochemistry or molecular tumor profiles available for review.

[^3]: Values are number (percentage) unless indicated otherwise.

[^4]: BL: bilateral; BM: Bone metastasis BSO: bilateral salpingoophorectomy; C: cycles of chemotherapy; CT: carboplatin paclitaxel; DOD: died of disease; EBRT: external beam radiation therapy; ELAP: exploratory laparotomy; EM: Endometrioid; IHC: immunohistochemistry; L: left; NA: not available; NED: no evidence of disease; PA: paraaortic; PLD: Pegylated liposomal doxorubicin. PPALND: pelvic and paraaortic lymphadenectomy; R: right; RH: radical hysterectomy; TH: total hysterectomy; S: serous; VBT: vaginal brachytherapy.

[^5]: Staging based on FIGO 2009 staging system.

[^6]: Endometrioid only, other histologies all represent high grade disease.

[^7]: Treatment modalities listed in sequence of treatment.

[^8]: BM: Bone metastasis; CR: complete response; EBRT: External beam radiation therapy; PLD: pegylated liposomal doxorubicin; PD: progressive disease, PR: partial response; SD: stable disease.
